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RESISTANCE-BASED MEMORY HAVING
TWO-DIODE ACCESS DEVICE

[. CLAIM OF PRIORITY

This application claims priority from and 1s a divisional
application of U.S. patent application Ser. No. 12/892,237,
filed Sep. 28, 2010, entitled “RESISTANCE BASED

MEMORY HAVING TWO-DIODE ACCESS DEVICE,”
now 1ssued as U.S. Pat. No. 8,638,590, the content of which 1s

incorporated by reference 1n its entirety.

II. FIELD

The present disclosure 1s generally related to resistance-
based memories.

III. DESCRIPTION OF RELATED ART

Advances 1n technology have resulted 1n smaller and more
powerful computing devices. For example, there currently
exist a variety ol portable personal computing devices,
including wireless computing devices, such as portable wire-
less telephones, personal digital assistants (PDAs), and pag-
ing devices that are small, lightweight, and easily carried by
users. More specifically, portable wireless telephones, such
as cellular telephones and Internet Protocol (IP) telephones,
can communicate voice and data packets over wireless net-
works. Many such wireless telephones incorporate additional
devices to provide enhanced functionality for end users. For
example, a wireless telephone can also include a digital still
camera, a digital video camera, a digital recorder, and an
audio file player. Also, such wireless telephones can process
executable instructions, including software applications,
such as a web browser application, that can be used to access
the Internet. As such, these wireless telephones can include
significant computing capabilities.

Computing devices may include memory, such as mag-
neto-resistive random access memory (MRAM) arrays. To
operate an MRAM array, 1t 1s generally necessary to differ-
entiate between selected and non-selected memory cells
within the array. An access device may correspond to each
memory cell of the array and allow control of each memory
cell. Each access device supplies sullicient current to read or
write data from the corresponding memory cell. However, to
supply such current to the corresponding memory cell, the
access device may be large and may consume power.

IV. SUMMARY

A resistance-based memory includes a two-diode access
device. The two-diode access device may facilitate bidirec-
tional current through selected memory cells while reducing,
leakage currents from unselected memory cells. The two-
diode access device may be designed based on properties of a
resistance-based memory element within a memory cell of
the resistance-based memory. An example of a resistance-
based memory element 1s a magnetic tunnel junction (MT1J).
The two-diode access device may be chosen based on a pro-
gramming voltage associated with the MT1, first and second
critical switching currents associated with the MTI, or any
combination thereof.

In a particular embodiment, a memory device includes a
memory cell that includes at least one resistance-based
memory element, a first diode coupled to the resistance-based
memory element, and a second diode coupled to the resis-
tance-based memory element. A current through the resis-
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2

tance-based memory element flows through either the first
diode or the second diode. A cathode of the first diode 1s
coupled to a bit line of the memory cell, and an anode of the
second diode 1s coupled to a sense line of the memory cell.

In another particular embodiment, an apparatus includes a
memory cell. The memory cell includes a word line, a bit line,
a sense line, and a resistance-based memory element. The
apparatus further includes means for accepting a current from
the word line through the resistance-based memory element.
The apparatus also 1includes means for accepting a current
from the sense line through the resistance-based memory
clement and for opposing the current from the word line
through the resistance-based memory element.

In another particular embodiment, a method 1includes bias-
ing a bit line with a first voltage. The method turther includes
biasing a sense line with a second voltage. Biasing the bit line
and biasing the sense line generates a current through a resis-
tance-based memory element via a first diode or a second
diode. A cathode of the first diode 1s coupled to the bit line,
and an anode of the second diode 1s coupled to the sense line.

In another particular embodiment, non-transitory com-
puter readable medium stores instructions that, when
executed by a processor, perform operations. The operations
include biasing a bit line with a first voltage. The operations
further include biasing a sense line with a second voltage.
Biasing the bit line and biasing the sense line generates a
current through a resistance-based memory element through
a first diode or a second diode. A cathode of the first diode 1s
coupled to the bit line, and an anode of the second diode 1s
coupled to the sense line.

One particular advantage provided by at least one of the
disclosed embodiments 1s reduced leakage current associated
with unselected memory cells of a memory array. Another
particular advantage provided by at least one of the disclosed
embodiments includes low voltage dissipation by access
devices of selected memory cells of a memory array. Still
another particular advantage provided by at least one of the
disclosed embodiments 1s enhanced switching current of
selected memory cells 1n relation to access device size.

Other aspects, advantages, and features of the present dis-
closure will become apparent after review of the entire appli-
cation, including the following sections: Brief Description of
the Drawings, Detailed Description, and the Claims.

V. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a particular illustrative embodiment
of a memory array including a resistance-based memory hav-
ing a two-diode access device;

FIG. 2 1s a circuit diagram of a particular illustrative
embodiment of a circuit including memory cells that include
aresistance-based memory having a two-diode access device;

FIG. 3 1s a diagram of a particular illustrative embodiment
of a memory cell including a resistance-based memory hav-
ing a two-diode access device;

FIG. 4 1s a state diagram of a particular 1llustrative embodi-
ment of operating a resistance-based memory having a two-
diode access device;

FIG. 5 1s a flow diagram of a particular illustrative embodi-
ment of a method of operating a resistance-based memory
having a two-diode access device;

FIG. 6 1s a block diagram of a particular illustrative
embodiment of a portable device including a resistance-based
memory having a two-diode access device; and
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FIG. 7 1s a data tlow diagram of a particular 1illustrative
embodiment of a manufacturing process to manufacture elec-

tronic devices that include a resistance-based memory having,
a two-diode access device.

VI. DETAILED DESCRIPTION

Referring to FI1G. 1, a particular 1llustrative embodiment of
a memory array including a resistance-based memory having
a two-diode access device 1s disclosed and generally desig-
nated 100. Generally, the memory array 100 includes two-
diode access devices operable to provide switching current to
resistance-based memory elements.

The memory array 100 includes at least one memory cell
104. The memory array 100 may include a plurality of
memory cells (e.g. memory cells 104 and 130-134). The
memory array 100 depicted 1n FIG. 1 includes m rows and n
columns of memory cells. In at least one embodiment, the
memory array 100 1s implemented as a magneto-resistive
random access memory (MRAM) or as a spin torque transier
(STT) MRAM.

A representative memory cell 104 may include a resis-
tance-based memory element, e.g. resistance-based memory
clement 110. The resistance-based memory element 110 may
be configured to store digital data. In at least one embodiment,
the resistance-based memory element 110 1s a magnetic tun-
nel junction (MT1J).

The memory cell 104 may be coupled to a word line 108, a
sense line 112, and a bit line 114. The word line 108, the sense
line 112, and the bit line 114 may be used to selectively
control the resistance-based memory element 110. In a par-
ticular embodiment, the word line 108 1s coupled to the resis-
tance-based memory element 110 of memory cell 104.

The bit line 114 1s coupled to a first diode 116 and the sense
line 112 1s coupled to a second diode 118. In a particular
embodiment, a cathode 120 of the first diode 116 1s coupled to
the bit line 114, and an anode 122 of the second diode 118 1s
coupled to the sense line 112. The first diode 116 and the
second diode 118 may each be coupled to the resistance-
based memory element 110. The first diode 116 and the
second diode 118 may form an access device that 1s operable
to control electric currents and voltages introduced at the
resistance-based memory element 110.

Typically, a diode conducts current 1n a forward direction
when a threshold voltage 1s applied across the diode. For
example, the second diode 118 may conduct current when a
threshold voltage 1s applied across the second diode 118. In a
particular embodiment, the sense line 112 1s configured to
apply a voltage at or above the threshold voltage to the anode
122 of the second diode 118.

In operation, the first diode 116 and the second diode 118
may selectively generate or oppose currents through the resis-
tance-based memory element 110. For example, the first
diode 116 and the second diode 118 may each control whether
bias conditions at the word line 108, the sense line 112, and
the bit line 114 create currents that flow through the resis-
tance-based memory element 110.

The currents passed through the resistance-based memory
clement 110 may correspond to various operations, such as a
logical zero write operation, a logical one write operation,
and a read operation. The type of operation may depend on a
direction and amplitude of a given current passed through the
resistance-based memory element 110, a voltage applied to
the resistance-based memory element 110, or any combina-
tion thereol. For example, to select the memory cell 104, bias
voltages may be mntroduced at the word line 108, the sense
line 112, and the bit line 114 that generate a current through
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the resistance-based memory element 110. For example, a
read operation may be performed at the memory cell 104 by
applying a high voltage to the word line 108, a low, zero, or
ground voltage to the sense line 112, and a low, zero, or
ground voltage to the bit line 114. Word lines, sense lines, and
bit lines corresponding to unselected memory cells (e.g. the
memory cells 130-134) may be biased with voltages that do
not generate currents through the unselected memory cells.

It will be appreciated that the memory array 100 may offer
improved control of selected memory cells (e.g. memory cell
104). For example, the cathode 120 of the first diode 116 may
be selectively biased by the bit line 114. The anode 122 of the
second diode 118 may be selectively biased by the sense line
112. Improved control of the memory array 100 may reduce
costs associated with implementing drivers to control each
memory cell (e.g. memory cell 104).

It will also be appreciated that the memory array 100 may
tacilitate reduced leakage current associated with unselected
memory cells (e.g. the memory cells 130-134). For example,
cach unselected memory cell of FIG. 1 (e.g. memory cells
130-134) may be selectively controlled via 1ts corresponding,
word line, sense line, and bit line. Theretore, each first diode
and each second diode at each unselected memory cell (e.g.
the memory cells 130-134) may be selectively biased to avoid
passing a current through each corresponding resistance
based memory element resulting in reduced leakage current
through unselected memory cells.

It will further be appreciated that each memory cell of the
memory array 100 may be of a small size. For example, the
first diode 116 and the second diode 118 of the memory cell
104 may be coupled at only one point and to the resistance
based memory element 110. In a particular embodiment, the
cathode 120 of the first diode 116 1s not coupled to the anode
122 of the second diode 118, and accordingly a terminal
connection may be eliminated at each memory cell of the
memory array 100. Therefore, the embodiment of the
memory array 100 of FIG. 1 may include a compact distribu-
tion of memory cells and may therefore be of a small size.

Referring to FI1G. 2, a particular illustrative embodiment of
a circuit including a resistance-based memory having a two-
diode access device 1s disclosed and generally designated
200. In a particular embodiment, the memory array 100 of
FIG. 1 1s implemented according to the circuit 200 of FIG. 2.
The circuit 200 may facilitate switching between selected and
unselected resistance-based memory cells. For ease of under-
standing, various components are designated as selected or
unselected, although 1t should be appreciated that any com-
ponent may be selected or unselected during operation of the
circuit 200.

The circuit 200 may include a first driver 202 coupled to a
plurality of word lines, including a selected word line 226 and
an unselected word line 240. The first driver 202 may be
configured to selectively bias the selected word line 226 and
the unselected word line 240 with a voltage, such as a write
voltage 204, a read voltage 206, or a ground 208. Each of the
plurality of word lines may be coupled to a resistance-based
memory element. For example, FIG. 2 depicts the selected
word line 226 coupled to a selected resistance-based memory
clement 232 and the unselected word line 240 coupled to an
unselected resistance-based memory element 252. The first
driver 202 may be operable to apply a voltage to each resis-
tance-based memory element. Alternatively, structural ele-
ments other than a driver may be used to provide the voltage.

The circuit 200 further may include a second driver 210
coupled to a plurality of sense lines and to a plurality of bat
lines, including a selected bit line 224, a selected sense line
222, an unselected sense line 242, and an unselected bit line
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244. The second driver 210 may be configured to selectively
bias the selected bit line 224, the selected sense line 222, the
unselected sense line 242, and the unselected bit line 244 with
voltages, including a write voltage 212, a read voltage 214, or
a ground 220. In a particular embodiment, the write voltage
212 1s substantially similar or equal to the write voltage 204,
the read voltage 214 is substantially similar or equal to the
read voltage 206, and the ground 220 1s substantially similar
or equal to the ground 208. The second driver 210 may be
operable to apply a voltage to each source line and to each bit
line. Alternatively, structural elements other than a driver may
be used to provide the voltage.

The plurality of bit lines may be coupled to a plurality of
first diodes, e.g. a first diode 228 and a first diode 248. In a

particular embodiment, the selected bit line 224 1s coupled to

a cathode of the first diode 228 and the unselected bit line 244
1s coupled to a cathode of the first diode 248.

The plurality of sense lines may be coupled to a plurality of
second diodes, e.g. a second diode 230 and a second diode
250. In a particular embodiment, the selected sense line 222 1s
coupled to an anode of the second diode 230 and the unse-
lected sense line 242 i1s coupled to a cathode of the second
diode 250.

Each first diode and each second diode may be coupled to
a resistance-based memory element. For example, the first
diode 228 and the second diode 230 may each be coupled to
the selected resistance-based memory element 232. In a par-
ticular embodiment, an anode of the first diode 228 and a
cathode of the second diode 230 may each be coupled to the
selected resistance-based memory element 232. The first
diode 228 and the second diode 230 may form a two-diode
access device associated with the selected resistance-based
memory element 232.

The circuit 200 may include diodes of various types. For
example, any diode of the circuit 200 may be a p-n junction
diode or a Schottky diode. In an illustrative, non-limiting
embodiment, the circuit 200 includes p-n junction diodes
228, 230, 234, 236, 248, and 2350, as well as Schottky diode
238.

The circuit 200 may include diodes of various sizes. For
example, any two diodes of the circuit 200 may be of different
sizes or of the same size. In an illustrative, non-limiting
embodiment, the circuit 200 includes diodes 234, 236 of
different sizes.

The circuit 200 may include diodes that are substantially
similar. For example, the first diode 228 and the second diode
230 may be substantially similar in one or more of size,
torward voltage drop, current density, or any combination
thereof.

In operation, the first driver 202 may selectively apply the
write voltage 204, the read voltage 206, or the ground 208 to
any of the plurality of word lines. The second driver 210 may
selectively apply the write voltage 212, the read voltage 214,
or the ground 220 to any of the plurality of bit lines and to any
of the plurality of sense lines.

For example, to write a data value to the selected resis-
tance-based memory element 232, the first driver 202 may
apply the write voltage 204 to the selected word line 226 and
may apply the ground 208 to the unselected word line 240.
The second driver 210 may apply the ground 220 to the
selected bit line 224, to the selected sense line 222, and to the
unselected sense line 242. The second driver 210 may apply
the write voltage 212 to the unselected bit line 244, which
may prevent or reduce current through unselected resistance
based memory elements that are coupled to the selected word

line 240.
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Accordingly, a voltage difference (e.g. the difference of the
write voltage 204 and the ground 220) may be applied across
the selected resistance-based memory element 232 and the
first diode 228, generating a current through the selected
resistance-based memory element 232 and through the first
diode 228. The second diode 230 may be biased to oppose the
generated current through the selected resistance-based
memory element 232, 1.e. the second diode 230 may prevent
the current from reaching the selected sense line 222. In a
particular embodiment, no current 1s generated through unse-
lected resistance-based memory element 252, since the unse-
lected word line 240 and the unselected sense line 242 may
cach be biased with a zero voltage or ground. Further, the first
diode 248 may oppose current from the unselected bit line
244 tflowing through the unselected resistance-based memory
clement 252.

It will be appreciated that the circuit 200 may facilitate
shielding of unselected resistance-based memory elements
during operations of selected memory elements. For
example, unselected resistance-based memory elements may
be 1solated by diodes from current used to read data from or
write data to a selected memory element. In particular, bias
conditions at a word line, a bit line, and a sense line corre-
sponding to each resistance-based memory element may be
maintained such that unselected resistance-based memory
clements are not disturbed with currents applied to a selected
memory cell. Accordingly, the circuit 200 of FIG. 2 may
tacilitate control and selective 1solation of resistance-based
memory elements and may reduce read disturbs and program
disturbs of unselected resistance-based memory elements
during operation of the circuit 200.

Referring to FI1G. 3, a particular illustrative embodiment of
a memory cell having a two-diode access device 1s depicted
and generally designated 300. In an illustrative embodiment,
the memory cell 300 may be incorporated into the memory
array 100 of FIG. 1, the circuit 200 of FIG. 2, or any combi-
nation thereof.

The memory cell 300 may include a magnetic tunnel junc-
tion (MTJ)device 312. The MTJ 312 may include a tunneling
barrier, such as an MgO film, 1nserted between two magnetic
layers, where one magnetic layer 1s a pinned layer with a fixed
magnetization and the other layer 1s a free layer with a direc-
tion of magnetization that can change. Due to the tunnel
magnetic resistance (I MR) eflect, the resistance of the MTJ
312 changes corresponding to the relative alignment of mag-
netization of the two layers (1.e., a parallel state and an anti-
parallel state). The resistance values of each of the two states
may be used to correspond to data values (e.g., a logical zero
and a logical one).

The MTJ 312 may be placed 1n the anti-parallel state when
a current flowing through the MTJ 312 1s increased above a
threshold in an anti-parallelizing direction. In contrast, the
MTJ 312 may be placed 1n a parallel state when the current 1s
increased beyond a threshold 1n a parallelizing direction. A
first switching current of the MTJ 312 may be a threshold
current that switches the MTJ 312 from an anti-parallel state
to a parallel state. A second critical switching current of the
MTJ 312 may be a threshold current that switches the MTJ
312 from the parallel state to the anti-parallel state. The MTJ
312 may also be associated with a programming voltage, 1.¢.
a voltage difference applied across the MTJ 312 sufficient to
alter the state of the MTJ 312.

The MTJ 312 may be coupled to a word line 306. The MT1
312 may also be coupled to a first diode 302 and to a second
diode 304. In a particular embodiment, an anode 314 of the
first diode 302 and a cathode 322 of the second diode 304 are

cach coupled to the MTJ 312 and to each other via a common
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node as shown. Thus, the anode 314 of the first diode 302 may
be coupled to the cathode 322 of the second diode 304.

The memory cell 300 may include a bit line 310 and a sense
line 308. In a particular embodiment, a cathode 316 of the first

the second diode 304 1s coupled to the sense line 308. When
the memory cell 300 1s used 1n the memory array 200 of FIG.
2, the word line 306 may be selectively biased with the write
voltage 204, the read voltage 206, or the ground 208 via the

first driver 202 of FIG. 2. The sense line 308 and the bit line
310 may each be selectively biased, e.g. with the write voltage

212, the read voltage 214, or the ground 220 via the second
driver 210 of FIG. 2.

The first diode 302 may be associated with a first forward
voltage drop 330 when a first current 318 flows through the
first diode 302. The second diode 304 may be associated with
a second forward voltage drop 340 when a second current 324
flows through the second diode 304. The first forward voltage
drop 330 may be a lowest voltage across the first diode 302
that allows the first diode 302 to be conductive, and the second
torward voltage drop 340 may be the lowest voltage across
the second diode 304 that allows the second diode 304 to be
conductive.

In operation, the word line 306, the sense line 308, and the
bit line 310 may be selectively biased to generate a first
current 318 that flows through the first diode 302. In a par-
ticular embodiment, a high bias voltage at the word line 306
and low bias voltages at the sense line 308 and at the bit line
310 generate the first current 318 through the first diode 302.
The second diode 304 may oppose the first current 318. The
first current 318 may result 1n a write logical zero operation at
the MTJ 312 or 1n a read operation at the MTJ 312. In a
particular embodiment, the magmitude of the first current 318
determines the type of operation performed at the MTJ 312
(1.e. the write operation of the read operation).

Alternatively, the word line 306, the sense line 308, and the
bit line 310 may be selectively biased to generate the second
current 324 that flows through the second diode 304. In a
particular embodiment, high bias voltages at the sense line
308 and at the bit line 310 and a low bias voltage at the word
line 306 (e.g. ground) generate the second current 324
through the second diode 304. The high bias voltage at the bit
line 310 may prevent the second current 324 from being
applied to the bit line 310. The second current 324 may result
in a write logical one operation at the M'TJ 312.

In a particular embodiment, the first current 318 1s gener-
ated 1n response to a voltage difference across the first diode
302 exceeding the first forward voltage drop 330 associated
with the first diode 302. In a particular embodiment, the
second current 324 1s generated in response to a voltage
difference across the second diode 304 exceeding the second
torward voltage drop 340 associated with the second diode
304.

In a particular embodiment, the programming voltage
associated with the MT1J 312 1s approximately three times the
first forward voltage drop 330, the second forward voltage
drop 340, or any combination thereof. For example, the pro-
gramming voltage associated with the MTJ 312 may be
approximately 1.8 volts, the first forward voltage drop 330
may be approximately 0.6 volts, and the second forward
voltage drop 340 may be approximately 0.6 volts. In another
particular embodiment, the first diode 302 and the second
diode 304 are each a Schottky diode and the programming
voltage associated with the MTJ 312 1s greater than three
times the first forward voltage drop 330, the second forward
voltage drop 340, or any combination thereof.

diode 302 is coupled to the bit line 310, and an anode 320 of °
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It will be appreciated that the memory cell 300 may be
implemented without the use of a transistor and may facilitate
high switching current at the MTJ 312 via reduction of a
degeneration effect and may also facilitate a reduced-size
access device. For example, a source degeneration effect that
can occur due to a transistor access device driving a source
line 1n a transistor-based memory cell may be avoided. A
two-diode access device as 1n the memory cell 300 may avoid
the transistor source degeneration eifect, allowing high
switching current at the MTJ 312 for a reduced-size access
device.

It will also be appreciated that the first diode 302 and the
second diode 304 may be chosen based on various criteria.
For example, the first diode 302 and the second diode 304
may be chosen based on their associated current density or
forward voltage drop characteristics. In a particular embodi-
ment, the first diode 302 and the second diode 304 are
selected to be matched to the MTJ312. For example, aratio of
an area of the first diode 302 to an area of the second diode 304
may be approximately equal to a ratio of the first critical
switching current of the MTJ 312 to the second critical
switching current of the M'TJ 312. Accordingly, 11 the first
critical switching current and the second critical switching
current of the MT1J 312 are of different magnitudes, the first
diode 302 and the second diode 304 may be chosen to be
asymmetric such that they balance switching characteristics
of the MTJ 312.

Reterring to FIG. 4, a state diagram of a particular illustra-
tive embodiment of operating a resistance-based memory
having a two-diode access device 1s depicted and generally
designated 400. The state diagram 400 may 1llustrate opera-
tion of a memory cell in the memory array 100 of FIG. 1, a
memory cell 1n the circuit 200 of FIG. 2, the memory cell 300
of FIG. 3, or any combination thereof.

The state diagram 400 1ncludes states corresponding to a
write logical zero operation 402, a write logical one operation
404, and a read operation 406. The state diagram 400 depicts
states corresponding to a selected word line, a selected sense
line, a selected bit line, an unselected word line, an unselected
sense line, and an unselected bit line. For example, the states
may correspond to the selected word line 226, the selected
sense line 222, the selected bit line 224, the unselected word
line 240, the unselected sense line 242, and the unselected bit
line 244 of FIG. 2.

In a particular illustrative embodiment, the state diagram
400 1dentifies bias voltages introduced by the first driver 202
at the selected word line 226 and at the unselected word line
240, ¢.g. any of the write voltage 204, the read voltage 206,
and the ground 208 of FI1G. 2. The state diagram 400 may also
identify bias voltages introduced by the second driver 210 at
the selected bit line 224, the selected sense line 222, the
unselected bit line 244, and the unselected sense line 242, e.g.
any of the write voltage 212, the read voltage 214, and the
ground 220 of FIG. 2.

The state diagram 400 depicts states that may result in the
write logical zero operation 402. In a particular embodiment,
the write logical zero operation 402 1s performed on the
selected resistance-based memory element 232 of FIG. 2 by
applying a write voltage to the selected word line 226 and to
the unselected bit line 244. The selected sense line 222, the
selected bit line 224, the unselected word line 240, and the
unselected sense line 242 may be biased with a zero voltage or
ground.

The state diagram 400 also depicts states that may result 1n
the write logical one operation 404. In a particular embodi-
ment, the write logical one operation 404 1s performed on the
selected resistance-based memory element 232 of FIG. 2 by
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applying a write voltage to the selected sense line 222, to the
selected bit line 224, to the unselected word line 240, and to
the unselected bit line 244. The selected word line 226 and the
unselected sense line 242 may be biased with a zero voltage or
ground.

The state diagram 400 further depicts states that may result
in the read operation 406. In a particular embodiment, the
read operation 406 1s performed on the selected resistance-
based memory element 232 of FIG. 2 by applying a read
voltage to the selected word line 226 and to the unselected bit
line 244. The selected sense line 222, the selected bit line 224,
the unselected word line 240, and the unselected sense line
242 may be biased with a zero voltage or ground. In a par-
ticular embodiment, the zero voltage or the ground 1s replaced
by a different voltage level that 1s not maintained at zero volts.
For example, 1n a particular implementation, the zero voltage
or the ground may be replaced by a non-zero magnitude
voltage level.

It will be appreciated that the memory array 100 of FI1G. 1,
the circuit 200 of FI1G. 2, the memory cell 300 of FIG. 3, and
the state diagram 400 of FIG. 4 1n conjunction illustrate
tfunctionality for accepting a current from a word line through
a resistance-based memory element. For example, a diode or
any equivalent structure, such as a p-n junction, may provide
a means for accepting the current from the word line through
the resistance-based memory element. A diode or any equiva-
lent structure, such as a p-n junction, may also be used to
provide a means for accepting a current from the sense line
through the resistance-based memory element and for oppos-
ing the current from the word line through the resistance-
based memory element.

Referring to FI1G. §, a particular 1llustrative embodiment of
a method of reading and writing data to a resistance-based
memory having a two-diode access device 1s depicted and
generally designated 500. The method 500 may be performed
at the memory array 100 of FIG. 1, the circuit 200 of FIG. 2,
the memory cell 300 of FIG. 3, or any combination thereof.

The method 500 1includes biasing a bit line and a sense line
to generate a current through a resistance-based memory
element via a first diode or a second diode, where a cathode of
the first diode 1s coupled to the bit line and an anode of the
second diode 1s coupled to the sense line, as shown at 510. In
a particular embodiment, a second driver biases the bit line
and the sense line by applying a write voltage, a read voltage,
or a ground. For example, the second driver 210 of FI1G. 2 may
bias the selected bit line 224 and the selected sense line 222
with the write voltage 212, the read voltage 214, or the ground
220.

Continuing to 520, the method 500 includes biasing a word
line coupled to the resistance-based memory element. In a
particular embodiment, a first driver biases the word line by
applying a write voltage, a read voltage, or a ground. For
example, the first driver 202 of FIG. 2 may bias the selected
word line 226 with the write voltage 204, the read voltage
206, or the ground 208.

A generated current through the resistance-based memory
clement may correspond to a logical zero write operation, at
560, a logical one write operation, at 570, or aread operation,
at 580. In a particular embodiment, a direction and magnitude
of the current determines the type of operation performed, 1.¢.
the logical zero write operation, at 560, the logical one write
operation, at 370, or the read operation, at 580.

In a particular embodiment, for a logical zero operation,
the word line 1s biased with a first voltage and the bit line and
the sense line are biased with a second voltage, where the first
voltage 1s higher than the second voltage, at 530. For
example, the first voltage may be the write voltage 204 of
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FIG. 2 and the second voltage may be the ground 220 of FIG.
2. In this case, the generated current may correspond to a
logical zero write operation and may result 1n a parallel state
ol the resistance-based memory element, at 560. In a particu-
lar embodiment, the first driver 202 of FIG. 2 may apply the
first voltage to the selected word line 226, and the second
driver 210 may apply the second voltage to the selected bat
line 224 and to the selected sense line 222 to generate a
parallel state at the selected resistance-based memory ele-
ment 232.

Alternatively, for the logical one write operation, the word
line may be biased with a first voltage and the sense line and
the bit line may be biased with a second voltage, where the
second voltage 1s higher than the first voltage, at 540. For
example, the first voltage may be the ground 208 of F1G. 2 and
the second voltage may be the write voltage 212 of FI1G. 2. In
this case, the generated current may correspond to a logical
one write operation and may result 1n an anti-parallel state of
the resistance-based memory element, at 570. In a particular
embodiment, the first driver 202 of FIG. 2 may apply the first
voltage to the selected word line 226, and the second driver
210 may apply the second voltage to the selected bit line 224
and to the selected sense line 222 to generate an anti-parallel
state at the selected resistance-based memory element 232.

For the read operation, the word line may be biased with a
first voltage and the sense line and the bit line may be biased
with a second voltage, where the first voltage 1s higher than
the second voltage. For example, the first voltage may be the
read voltage 206 of FIG. 2 and the second voltage may be the
ground 220 of FIG. 2. In this case, the generated current may
correspond to a read operation, at 580. In a particular embodi-
ment, the first driver 202 of FI1G. 2 may apply the first voltage
to the selected word line 226, and the second driver 210 may
apply the second voltage to the selected bit line 224 and to the
selected sense line 222 to read a state of the selected resis-
tance-based memory element 232.

During the read operation, the state of a resistance-based
memory element, e.g. the MTJ 312 of FIG. 3, may be deter-
mined based on a read current flowing through the resistance-
based memory element. The read current may be large
enough to determine the resistive state of the resistance-based
memory element but small enough to not cause the resistance-
based memory element to change states (1.e. between parallel
and anti-parallel states). For example, 1n a particular embodi-
ment the first voltage (e.g. the write voltage 204 of FI1G. 2) at

530 1s greater than the first voltage (e.g. the read voltage 206

of FIG. 2) at 550.

Referring to FIG. 6, a block diagram of a particular 1llus-
trative embodiment of an electronic device including a resis-
tance-based memory having a two-diode access device 1s
depicted and generally designated 600. The device 600
includes a processor, such as a digital signal processor (DSP)
664, coupled to a resistance-based memory having a two-
diode access device 632. The memory 632 may store software
or data 635. In an 1llustrative example, the device 600 includ-
ing a resistance-based memory having a two-diode access
device 600 includes the memory array 100 depicted in FIG. 1,
the circuit 200 of FIG. 2, and the memory cell 300 of FIG. 3,
and 1s operated 1n accordance with one or more of the state
diagram 400 of FIG. 4, the method 500 of FIG. 5, or any
combination thereof.

FIG. 6 also shows a display controller 626 that1s coupled to
the digital signal processor 664 and to a display 628. A coder/
decoder (CODEC) 634 can also be coupled to the digital
signal processor 664. A speaker 636 and a microphone 638

can be coupled to the CODEC 634.
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FIG. 6 also indicates that a wireless controller 640 can be
coupled to the digital signal processor 664 and to a wireless
antenna 642. In a particular embodiment, the DSP 664, the
display controller 626, the resistance-based memory having a
two-diode access device 632, the CODEC 634, and the wire-
less controller 640 are included 1n a system-in-package or
system-on-chip device 622. In a particular embodiment, an
input device 630 and a power supply 644 are coupled to the
system-on-chip device 622. Moreover, in a particular
embodiment, as illustrated in FIG. 6, the display 628, the
input device 630, the speaker 636, the microphone 638, the
wireless antenna 642, and the power supply 644 are external
to the system-on-chip device 622. However, each of the dis-
play 628, the input device 630, the speaker 636, the micro-
phone 638, the wireless antenna 642, and the power supply
644 can be coupled to a component of the system-on-chip
device 622, such as an interface or a controller.

The foregoing disclosed devices and functionalities may be
designed and configured into computer files (e.g. RTL,
GDSII, GERBER, etc.) stored on computer readable media.
Some or all such files may be provided to fabrication handlers
who fabricate devices based on such files. Resulting products
include semiconductor wafers that are then cut 1nto semicon-
ductor die and packaged into a semiconductor chip. The chips
are then employed in devices described above. FI1G. 7 depicts
a particular 1llustrative embodiment of an electronic device
manufacturing process 700.

Physical device mformation 702 1s received 1n the manu-
facturing process 700, such as at a research computer 706.
The physical device information 702 may include design
information representing at least one physical property of a
semiconductor device, such as the memory array 100 of FIG.
1, the circuit 200 of FIG. 2, the memory cell 300 of FIG. 3, or
any combination thereol. For example the physical device
information 702 may include physical parameters, material
characteristics, and structure information that 1s entered via a
user interface 704 coupled to the research computer 706. The
research computer 706 includes a processor 708, such as one
or more processing cores, coupled to a computer readable
medium, such as a memory 710. The memory 710 may store
computer readable instructions that are executable to cause
the processor 708 to transform the physical device informa-
tion 702 to comply with a file format and to generate a library
file 712.

In a particular embodiment, the library file 712 includes at
least one data file including transformed design information.
For example, the library file 712 may include a library of
semiconductor devices including the memory array 100 of
FIG. 1, the circuit 200 of FIG. 2, the memory cell 300 of FIG.
3, or any combination thereof, that 1s provided for use with an
clectronic design automation (EDA) tool 720.

The library file 712 may be used 1n conjunction with the
EDA tool 720 at a design computer 714 including a processor
716, such as one or more processing cores, coupled to a
memory 718. The EDA tool 720 may be stored as processor
executable 1nstructions at the memory 718 to enable a user of
the design computer 714 to design a circuit using the memory
array 100 of FI1G. 1, the circuit 200 of FIG. 2, the memory cell
300 of FIG. 3, or any combination thereof, of the library file
712. For example, a user of the design computer 714 may
enter circuit design information 722 via a user interface 724
coupled to the design computer 714. The circuit design infor-
mation 722 may include design information representing at
least one physical property of a semiconductor device, such
as the memory array 100 of FIG. 1, the circuit 200 of FIG. 2,
the memory cell 300 of FIG. 3, or any combination thereof. To
illustrate, the circuit design information may include ident-
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fication of particular circuits and relationships to other ele-
ments 1n a circuit design, positioning information, feature
size information, interconnection information, or other infor-
mation representing a physical property of a semiconductor
device.

The design computer 714 may be configured to transform
the design information, including the circuit design informa-
tion 722 to comply with a file format. To illustrate, file for-
mation may include a database binary file format representing
planar geometric shapes, text labels, and other information
about a circuit layout 1 a hierarchical format, such as a
Graphic Data System (GDSII) file format. The design com-
puter 714 may be configured to generate a data file including
the transformed design information, such as a GDSII file 726
that includes information describing the memory array 100 of
FIG. 1, the circuit 200 of FIG. 2, the memory cell 300 of FIG.
3, or any combination thereof, 1n addition to other circuits or
information. To 1llustrate, the data file may include informa-
tion corresponding to a system-on-chip (SOC) that includes
the memory array 100 of FIG. 1 and that also includes addi-
tional electronic circuits and components within the SOC.

The GDSII file 726 may be received at a fabrication process
728 to manufacture the memory array 100 of FIG. 1, the
circuit 200 of FIG. 2, the memory cell 300 of FIG. 3, or any
combination thereot, according to transformed information
in the GDSII file 726. For example, a device manufacture
process may include providing the GDSII file 726 to a mask
manufacturer 730 to create one or more masks, such as masks
to be used for photolithography processing, illustrated as a
representative mask 732. The mask 732 may be used during
the fabrication process to generate one or more walers 734,
which may be tested and separated 1nto dies, such as a repre-
sentative die 736. The die 736 includes a circuit including the
memory array 100 of FIG. 1, the circuit 200 of FIG. 2, the
memory cell 300 of FIG. 3, or any combination thereof.

The die 736 may be provided to a packaging process 738
where the die 736 1s incorporated into a representative pack-
age 740. For example, the package 740 may include the single
die 736 or multiple dies, such as a system-in-package (S1P)
arrangement. The package 740 may be configured to conform
to one or more standards or specifications, such as Joint
Electron Device Engineering Council (JEDEC) standards.

Information regarding the package 740 may be distributed
to various product designers, such as via a component library
stored at a computer 746. The computer 746 may include a
processor 748, such as one or more processing cores, coupled
to a memory 710. A printed circuit board (PCB) tool may be
stored as processor executable instructions at the memory 750
to process PCB design information 742 recetved from a user
of the computer 746 via a user interface 744. The PCB design
information 742 may include physical positioning informa-
tion of a packaged semiconductor device on a circuit board,
the packaged semiconductor device corresponding to the
package 740 including the memory array 100 of FIG. 1, the
circuit 200 of FIG. 2, the memory cell 300 of FIG. 3, or any
combination thereof.

The computer 746 may be configured to transform the PCB
design information 742 to generate a data file, such as a
GERBER file 752 with data that includes physical position-
ing nformation of a packaged semiconductor device on a
circuit board, as well as layout of electrical connections such
as traces and vias, where the packaged semiconductor device
corresponds to the package 740 including the memory array
100 of FIG. 1, the circuit 200 of FIG. 2, the memory cell 300
of FI1G. 3, or any combination thereof. In other embodiments,
the data file generated by the transtformed PCB design infor-
mation may have a format other than a GERBER format.
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The GERBER file 752 may be received at a board assembly
process 754 and used to create PCBs, such as a representative
PCB 756, manufactured in accordance with the design infor-
mation stored within the GERBER file 752. For example, the
GERBER file 752 may be uploaded to one or more machines
for performing various steps of a PCB production process.
The PCB 756 may be populated with electronic components
including the package 740 to form a represented printed cir-
cuit assembly (PCA) 738.

The PCA 758 may be recetved at a product manufacture
process 760 and integrated into one or more electronic
devices, such as a first representative electronic device 762
and a second representative electronic device 764. As an
illustrative, non-limiting example, the first representative
clectronic device 762, the second representative electronic
device 764, or both, may be selected from the group of a set
top box, a music player, a video player, an entertainment unit,
a navigation device, a communications device, a personal
digital assistant (PDA), a fixed location data unit, and a com-
puter. As another illustrative, non-limiting example, one or
more of the electronic devices 762 and 764 may be remote
units such as mobile phones, hand-held personal communi-
cation systems (PCS) units, portable data units such as per-
sonal data assistants, global positioning system (GPS)
enabled devices, navigation devices, fixed location data units
such as meter reading equipment, or any other device that
stores or retrieves data or computer istructions, or any com-
bination thereof. Embodiments of the disclosure may be suit-
ably employed 1n any device that includes active integrated
circuitry including memory and on-chip circuitry.

Thus, the memory array 100 of FIG. 1, the circuit 200 of
FIG. 2, the memory cell 300 of FIG. 3, or any combination
thereol, may be fabricated, processed, and incorporated into
an electronic device, as described in the 1llustrative process
700. One or more aspects of the embodiments disclosed with
respect to FIGS. 1-5 may be included at various processing,
stages, such as within the library file 712, the GDSII file 726,
and the GERBER file 752, as well as stored at the memory
710 of the research computer 706, the memory 718 of the
design computer 714, the memory 750 of the computer 746,
the memory of one or more other computers or processors
(not shown) used at the various stages, such as at the board
assembly process 754, and also incorporated into one or more
other physical embodiments such as the mask 732, the die
736, the package 740, the PCA 738, other products such as
prototype circuits or devices (not shown), or any combination
thereol. Although various representative stages of production
from a physical device design to a final product are depicted,
in other embodiments fewer stages may be used or additional
stages may be included. Similarly, the process 700 may be
performed by a single entity, or by one or more entities
performing various stages of the process 700.

Those of skill would further appreciate that the various
illustrative logical blocks, configurations, modules, circuits,
and algorithm steps described 1n connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software executed by a processor, or
combinations of both. Various illustrative components,
blocks, configurations, modules, circuits, and steps have been
described above generally 1n terms of their functionality.
Whether such functionality 1s implemented as hardware or
processor executable instructions depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present disclosure.
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The steps of amethod or algorithm described in connection
with the embodiments disclosed herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside 1n random access memory (RAM), magneto-re-
sistive random access memory (MR AM), spin torque transier

(STT) MRAM, flash memory, read-only memory (ROM),
programmable read-only memory (PROM), erasable pro-
grammable read-only memory (EPROM), electrically eras-
able programmable read-only memory (EEPROM), registers,
hard disk, a removable disk, a compact disc read-only
memory (CD-ROM), or any other form of non-transient stor-
age medium known 1n the art. An exemplary storage medium
1s coupled to the processor such that the processor can read
information from, and write information to, the storage
medium. In the alternative, the storage medium may be inte-
gral to the processor. The processor and the storage medium
may reside 1n an application-specific integrated circuit
(ASIC). The ASIC may reside 1n a computing device or a user
terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a computing
device or user terminal.

In a particular embodiment, the storage medium stores
instructions that are executable by a computer to bias a bit line
and a sense line to generate a current through a resistance-
based memory element via a first diode or a second diode,
where a cathode of the first diode 1s coupled to the bit line and
an anode of the second diode 1s coupled to the sense line. The
instructions may be further executable by the computer to
bias a word line coupled to the resistance-based memory
clement. The instructions may also be executable by the com-
puter to control a first driver coupled to the word line.

In a particular embodiment, the instructions are further
executable by the computer to control a second driver coupled
to the bit line and to the sense line. The instructions may be
turther executable by the computer to write a data value to the
resistance-based memory element. The instructions may also
be executable by the computer to read a data value associated
with the resistance-based memory element. For example, the
instructions may be executed at a memory controller, proces-
sor, or other computing device configured to read data from or
write data to a memory, such as a resistance-based memory
having a two-diode access device.

The previous description of the disclosed embodiments 1s
provided to enable a person skilled 1n the art to make or use
the disclosed embodiments. Various modifications to these
embodiments will be readily apparent to those skilled 1n the
art, and the principles defined herein may be applied to other
embodiments without departing from the scope of the disclo-
sure. Thus, the present disclosure 1s not intended to be limited
to the embodiments shown herein but 1s to be accorded the
widest scope possible consistent with the principles and novel
features as defined by the following claims.

What 1s claimed 1s:

1. An apparatus comprising:

a memory cell comprising a word line, a bit line, a sense
line, and a resistance-based memory element;

means for accepting a current from the word line through
the resistance-based memory element; and

means for accepting a current from the sense line through
the resistance-based memory element and for opposing
the current from the word line through the resistance-
based memory element.

2. The apparatus of claim 1, further comprising means for

applying a voltage to the resistance-based memory element.
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3. The apparatus of claim 2, wherein applying the voltage
to the resistance-based memory element generates the current
from the word line through the resistance-based memory
clement.

4. The apparatus of claim 3, wherein the current from the
word line through the resistance-based memory element cor-
responds to a logical zero write operation or to a read opera-
tion.

5. The apparatus of claim 1, further comprising means for
applying a voltage at a source line and at the bit line.

6. The apparatus of claim 35, wherein applying the voltage
at the source line and at the bit line generates the current from
the sense line through the resistance-based memory element.

7. The apparatus of claim 6, wherein the current from the
sense line through the resistance-based memory element cor-
responds to a logical one write operation.

8. The apparatus of claim 1, wherein the memory cell, the
means for accepting the current from the word line, and the
means for accepting the current from the sense line are inte-
grated 1n at least one semiconductor die.

9. The apparatus of claim 1, wherein the memory cell, the
means for accepting the current from the word line, and the
means for accepting the current from the sense line are inte-
grated 1n at least one of a set top box, a music player, a video
player, an entertainment unit, a navigation device, a commu-
nications device, a personal digital assistant (PDA), a fixed
location data unit, or a computer.
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